Homologous catalytic domains in a rumen fungal xylanase: evidence for gene duplication and prokaryotic origin.
A cDNA (xynA), encoding xylanase A (XYLA), was isolated from a cDNA library, derived from mRNA extracted from the rumen anaerobic fungus, Neocallimastix patriciarum. Recombinant XYLA, purified from Escherichia coli harbouring xynA, had a M(r) of 53,000 and hydrolysed oat-spelt xylan to xylobiose and xylose. The enzyme did not hydrolyse any cellulosic substrates. The nucleotide sequence of xynA revealed a single open reading frame of 1821 bp coding for a protein of M(r) 66,192. The predicted primary structure of XYLA comprised an N-terminal signal peptide followed by a 225-amino-acid repeated sequence, which was separated from a tandem 40-residue C-terminal repeat by a threonine/proline linker sequence. The large N-terminal reiterated regions consisted of distinct catalytic domains which displayed similar substrate specificities to the full-length enzyme. The reiterated structure of XYLA suggests that the enzyme was derived from an ancestral gene which underwent two discrete duplications. Sequence comparison analysis revealed significant homology between XYLA and bacterial xylanases belonging to cellulase/xylanase family G. One of these homologous enzymes is derived from the rumen bacterium Ruminococcus flavefaciens. The homology observed between XYLA and a rumen prokaryote xylanase could be a consequence of the horizontal transfer of genes between rumen prokaryotes and lower eukaryotes, either when the organisms were resident in the rumen, or prior to their colonization of the ruminant. It should also be noted that Neocallimastix XYLA is the first example of a xylanase which consists of reiterated sequences. It remains to be established whether this is a common phenomenon in other rumen fungal plant cell wall hydrolases.